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1
COOLING APPARATUS FOR FUEL CELL

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to and the benefit of
Korean Patent Application No. 10-2012-0126231 filed in the
Korean Intellectual Property Office on Nov. 8, 2012, the
entire contents of which are incorporated herein by reference.

BACKGROUND

(a) Field of the Invention

An exemplary embodiment of the present invention relates
to a heat and water management system of a fuel cell vehicle,
and more particularly, to a cooling apparatus for a fuel cell,
that cools heat generated in a fuel cell stack.

(b) Description of the Related Art

In general, a fuel cell system supplies hydrogen, which is
used as fuel and air as an oxidant, to a fuel cell stack, and
produces electricity through an electrochemical reaction
between hydrogen and oxygen. The fuel cell system is
mounted within a vehicle, and drives the vehicle by operating
an electric motor with electricity produced by the fuel cell
stack. The fuel cell system refers to a type of electric power
generation system which does not convert chemical energy of
fuel into heat by combustion, but electrochemically converts
the chemical energy directly into electrical energy in the fuel
cell stack.

Typically, the fuel cell stack obtains desired output power
by laminating several tens to several hundreds of sheets of
fuel cells including a unit configured by an membrane elec-
trode assembly (MEA), a gasket, a separation plate, or the
like. Since a substantial amount of heat is generated in the fuel
cell stack in addition to a fuel cell reaction, a configuration of
a cooling apparatus is necessary in the fuel cell system to
reduce the generated heat. The cooling apparatus includes a
coolant reservoir (hereinafter, referred to as “reservoir” for
convenience) that stores a coolant, and a coolant pump that
supplies the coolant stored in the coolant reservoir to the fuel
cell stack.

Moreover, an antifreeze fluid is used in the fuel cell vehicle
as a coolant. The coolant is injected into a cooling system
(also typically called “stack cooling loop™ in this field) of the
fuel cell stack including the reservoir when the vehicle is
manufactured. The coolant may be injected in a pressing
manner after the cooling system is in a vacuum state to pre-
vent bubbles from generating in the cooling system. When the
bubbles (e.g., air) are present in the cooling system when the
coolant is injected, a possibility of overheating due to a cool-
ant deficiency is increased as the coolant overflows when
driving the fuel cell vehicle.

In addition, when the bubbles are present in the cooling
system of the fuel cell vehicle, as described above, deteriora-
tion in efficiency of the fuel cell and cooling performance due
to a local increase in temperature of the fuel cell stack may
occur, coolant flow noise may occur, and moreover adverse
influence such as damage of the fuel cell may occur. There-
fore, the fuel cell vehicle includes an ion filter that removes
the bubbles from the cooling system. The ion filter is installed
within the cooling system in an engine room separately from
the reservoir.

The above information disclosed in this section is merely
for enhancement of understanding of the background of the
invention and therefore it may contain information that does
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not form the prior art that is already known in this country to
a person of ordinary skill in the art.

SUMMARY

The present invention provides a cooling apparatus for a
fuel cell in which a reservoir and an ion filter are integrated.

An exemplary embodiment of the present invention pro-
vides a cooling apparatus for a fuel cell that may include: a
reservoir configured to store a coolant; and an ion filter
assembly integrally installed at the reservoir and configured
to remove bubbles in the coolant. In addition, in the cooling
apparatus, the ion filter assembly may be installed to be
attachable to and detachable from the reservoir. The ion filter
assembly may be installed to be coupled to and separated
from the reservoir as a cartridge type. Furthermore, in the
cooling apparatus for a fuel cell according to the exemplary
embodiment of the present invention, a handle may be dis-
posed at an upper portion of the ion filter assembly. The
handle may be engaged with the reservoir in a screw manner.
In addition, in the cooling apparatus the reservoir may include
a partition wall member by which a first space in which the
ion filter assembly is installed and a second space connected
to the first space may be partitioned. The partition wall mem-
ber may form a passageway connected to the second space,
between the partition wall member and an inner wall surface
of the reservoir in the first space. The partition wall member
may form positive pressure in the first space and negative
pressure in the second space via the passageway and may be
formed as a differential pressure wall.

The cooling apparatus for a fuel cell may also include a
coolant injection port connected to the first space and a cool-
ant discharge port connected to the second space at the res-
ervoir. A coolant injection pipe may be installed at the reser-
voir and a cap that discharges air may be installed at the
coolant injection pipe. In addition, a level gauge thatindicates
a level of the coolant and a drain plug that drains the coolant
may be installed at the reservoir.

According to the exemplary embodiments of the present
invention, since the ion filter assembly may be integrally
configured with the reservoir, an available space in the engine
room may be secured, manufacturing costs may be reduced,
and a weight of the vehicle may be reduced. Also, since
differential pressure may be formed in the reservoir by the
partition wall member, the bubbles in the coolant circulating
in the stack cooling loop may be smoothly removed, a time for
removing the bubbles may be reduced, and maintainability of
a vehicle for removing the bubbles may be improved.

In addition, in the exemplary embodiment of the present
invention, since the bubbles in the coolant may be smoothly
removed, heat radiating efficiency of the fuel cell stack may
be increased, and a coolant flow noise due to the bubble in the
coolant may be improved. Further, since the ion filter assem-
bly may be a cartridge type, the ion filter assembly may be
coupled to and separated from the reservoir, and the ion filter
assembly may be replaced without using an additional tool. In
addition, since the cap may be installed at the coolant injec-
tion pipe, the coolant may be prevented from leaking when
the ion filter assembly is replaced.

BRIEF DESCRIPTION OF THE DRAWINGS

The drawings are provided for reference to explain an
illustrative exemplary embodiment of the present invention,
and the technical spirit of the present invention should not be
interpreted to be limited to the accompanying drawings.
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FIG. 1 is an exemplary front view illustrating a cooling
apparatus for a fuel cell according to an exemplary embodi-
ment of the present invention;

FIG. 2 is an exemplary bottom view illustrating a cooling
apparatus for a fuel cell according to an exemplary embodi-
ment of the present invention;

FIG. 3 is an exemplary front configuration view illustrating
a cooling apparatus for a fuel cell according to an exemplary
embodiment of the present invention; and

FIG. 4 is an exemplary view showing an operation of a
cooling apparatus for a fuel cell according to an exemplary
embodiment of the present invention.

DETAILED DESCRIPTION

The present invention will be described more fully herein-
after with reference to the accompanying drawings, in which
exemplary embodiments of the invention are shown. As those
skilled in the art would realize, the described exemplary
embodiments may be modified in various different ways, all
without departing from the spirit or scope of the present
invention.

It is understood that the term “vehicle” or “vehicular” or
other similar term as used herein is inclusive of motor
vehicles in general such as passenger automobiles including
sports utility vehicles (SUV), buses, trucks, various commer-
cial vehicles, watercraft including a variety of boats and
ships, aircraft, and the like, and includes hybrid vehicles,
electric vehicles, plug-in hybrid electric vehicles, hydrogen-
powered vehicles, fuel cell vehicles, and other alternative fuel
vehicles (e.g. fuels derived from resources other than petro-
leum). As referred to herein, a hybrid vehicle is a vehicle that
has two or more sources of power, for example both gasoline-
powered and electric-powered vehicles.

The terminology used herein is for the purpose of describ-
ing particular embodiments only and is not intended to be
limiting of the invention. As used herein, the singular forms
“a”, “an” and “the” are intended to include the plural forms as
well, unless the context clearly indicates otherwise. It will be
further understood that the terms “comprises” and/or “com-
prising,” when used in this specification, specify the presence
of stated features, integers, steps, operations, elements, and/
or components, but do not preclude the presence or addition
of one or more other features, integers, steps, operations,
elements, components, and/or groups thereof. As used herein,
the term “and/or” includes any and all combinations of one or
more of the associated listed items.

To clearly describe the present invention, parts that are
irrelevant to the description are omitted. Like numerals refer
to like or similar constituent elements throughout the speci-
fication. The size and the thickness of each component illus-
trated in the drawings are arbitrarily illustrated in the draw-
ings for better understanding and ease of description, but the
present invention is not limited to the illustration. In the
drawings, the thicknesses of various portions and regions are
enlarged for clarity.

Further, in the following detailed description, names of
constituents, which are in the same relationship, are divided
into “the first”, “the second”, and the like, but the present
invention is not limited to the order in the following descrip-
tion. In addition, the terminology such as . . . unit”, *
means”, ... part”, or “ ... member”, which is disclosed in
the specification, refers to a unit of an inclusive constituent
which performs at least one of the functions or operations.

FIGS. 1 and 2 are exemplary views illustrating a cooling
apparatus for a fuel cell according to an exemplary embodi-
ment of the present invention, and FIG. 3 is an exemplary
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front configuration view illustrating a cooling apparatus for a
fuel cell according to an exemplary embodiment of the
present invention.

Referring FIGS. 1 to 3, a cooling apparatus 100 for a fuel
cell according to an exemplary embodiment of the present
invention may be applied to a fuel cell system which produces
electrical energy by an electrochemical reaction between fuel
and an oxidant. For example, the fuel cell system may be
applied to a fuel cell vehicle which drives an electric motor
with electrical energy produced by an electrochemical reac-
tion between fuel and oxidant.

In particular, the cooling apparatus 100 for a fuel cell may
be configured to circulate a coolant to a stack cooling loop to
cool heat generated in a fuel cell. The cooling apparatus 100
may remove bubbles substantially smoothly in the coolant
which circulates in the stack cooling loop, may improve
maintainability of a vehicle for removing the bubbles, and
may secure an available space in an engine room (e.g., may be
increase space availability in the engine room).

Furthermore, the cooling apparatus 100 for a fuel cell may
include a reservoir 10 and an ion filter assembly 70, and the
description for each component will be described below.

In the exemplary embodiment of the present invention, the
reservoir 10 may be a tank that stores a coolant. The reservoir
10 may be a polyhedron having an inner space that accom-
modates the coolant, and may allow the coolant to be flowed
in and out by a coolant pump (not illustrated).

The reservoir 10 may include a partition wall member 21
that partitions the inner space into a first space 11 and a
second space 12. The partition wall member 21 having a panel
shape may be installed to be connected to one inner wall
surface of the reservoir 10 and spaced apart from the other
inner wall surface of the reservoir 10. In other words, the
partition wall member 21 may be connected to one inner wall
surface of the reservoir 10 to partition the inner space into two
spaces, and may form a passageway 23, that connects the first
and second spaces 11 and 12, between the partition wall
member and the other inner wall surface of the reservoir 10.
The partition wall member 21 may be a differential pressure
wall 25 that forms positive pressure in the first space 11 and
negative pressure in the second space 12 via the passageway

Moreover, a coolant injection port 31 connected to the first
space 11 and a coolant discharge port 33 connected to the
second space 12 may be disposed at the reservoir 10. A
coolant injection pipe 41 that injects the coolant into the inner
space may be installed at the reservoir 10. The coolant injec-
tion pipe 41 may be connected to the second space 12 at an
upper side of the reservoir 10. In addition, a cap 43, which
may be coupled to an injection end of the injection pipe 41
and may discharge air in the reservoir 10, may be installed at
the coolant injection pipe 41.

Further, a level gauge 51, which may visually indicate a
storage level of the coolant, may be installed at a side surface
of the reservoir 10, that is, a side surface that corresponds to
the second space 12. In addition, a drain plug 53 that drains
the coolant may be installed at a front surface of the reservoir
10, that is, a front surface that corresponds to the second space
12.

The ion filter assembly 70 may be configured to remove the
bubbles in the coolant. Additionally, the ion filter assembly 70
may be integrally installed at the reservoir 10. The ion filter
assembly 70 may include a filter element 71 that removes the
bubbles in the coolant. The ion filter assembly 70 may be
installed to be attachable to and detachable from the reservoir
10. Further, the ion filter assembly 70 may be installed to be
coupled to and separated from an upper surface of the reser-
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voir 10, which corresponds to the first space 11, as a cartridge
type. As discussed, the ion filter assembly 70 may be coupled
to the reservoir 10 using various methods (e.g., an engage-
ment aperture and a protrusion fitting the engagement aper-
tures), and may be disposed in the first space 11 in the inner
space of the reservoir 10.

A handle 83 that replaces the ion filter assembly 70 manu-
ally without using an additional tool may be formed at the
upper surface of the reservoir 10 that corresponds to the first
space 11. The handle 83 may be thread engaged with the
reservoir 10. In particular, a coupling block 73 may be formed
at the handle 83, and a coupling portion with which the
coupling block 73 may be engaged may be formed at the
upper surface of the reservoir 10 that corresponds to the first
space 11.

Hereinafter, an operational effect of the cooling apparatus
100 for a fuel cell according to an exemplary embodiment of
the present invention, which is configured as described above,
will be described in detail with reference to the aforemen-
tioned drawings and the accompanying drawing. FIG. 4 is an
exemplary view illustrating an operation of the cooling appa-
ratus for a fuel cell according to an exemplary embodiment of
the present invention.

Referring to FIG. 4 together with the aforementioned
drawings, in the exemplary embodiment of the present inven-
tion, the coolant circulating in the stack cooling loop may
flow into the first space 11 of the reservoir 10 via the coolant
injection port 31. Then, the coolant may pass through the filter
element 71 of the ion filter assembly 70 in the first space 11,
and the bubbles in the coolant may be removed by the filter
element 71. In particular, the ion filter assembly 70 as a
cartridge type may be firmly held inside the first space 11 of
the reservoir 10 by the coupling block 73 of the handle 83.
The coolant in which the bubbles may be removed as
described above may flow from the first space 11 of the
reservoir 10 to the second space 12 via the passageway 23
between the partition wall member 21 and the other inner wall
surface.

In the exemplary embodiment of the present invention,
differential pressure of a flow ofthe coolant may be generated
in the reservoir 10 by the partition wall member 21 during the
aforementioned process. In other words, via the passageway
23 between the partition wall member 21 and the other inner
wall surface, positive pressure may be formed in the first
space 11, and negative pressure may be formed in the second
space 12. Accordingly, the coolant flowing into the second
space 12 ofthe reservoir 10 may be discharged via the coolant
discharge port 33 by the negative pressure in the second space
12 without being discharged to the coolant injection pipe 41.

When a length of the partition wall member 21 is greater
than a predetermined length (e.g., substantially long), since a
width of the passageway 23 decreases, and a flow rate of the
coolant becomes deficient due to a loss of pressure, the cool-
ant may not be supplied to an object to be cooled at a neces-
sary flow rate. Further, when the length of the partition wall
member 21 is less than a predetermined length (e.g., substan-
tially short), since the width of the passageway 23 increases,
the coolant flowing into the first space 11 may be discharged
to the coolant injection pipe 41 by pressure of the coolant
pump without being discharged via the coolant discharge port
33. In particular, the length of the partition wall member 21
may be defined as a length from one inner wall surface of the
reservoir 10 to the other inner wall surface. Since the length of
the partition wall member 21 may be changed based on a
volume of the reservoir 10, a volume of the fuel cell, or the
like, the exemplary embodiment of the present invention is
not limited to any specific value.
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Moreover, the bubbles removed by the ion filter assembly
70 may flow into the coolant injection pipe 41 in the second
space 12 of the reservoir 10, and may be discharged to the
exterior of the cooling apparatus via the cap 43. Further, a
level of the coolant stored in the reservoir 10 may be visually
indicated through the level gauge 51, and the coolant in the
reservoir 10 may be discharged by detaching the drain plug
53. When the ion filter assembly 70 needs to be replaced, the
handle 83 may be removed from the reservoir 10 by being
rotated in a loosening direction. Then, the ion filter assembly
70 may be easily separated from the reservoir 10 through an
opening exposed by removing the handle 83.

In the exemplary embodiment of the present invention,
which s described above, since the ion filter assembly 70 may
be integrally configured with the reservoir 10, an available
space in the engine room may be secured, manufacturing
costs may be reduced, and a weight of the vehicle may be
reduced. In addition, in the exemplary embodiment of the
present invention, since differential pressure may be formed
in the reservoir 10 by the partition wall member 21, the
bubbles in the coolant circulating in the stack cooling loop
may be smoothly removed, a time for removing the bubbles
may be reduced, and maintainability of a vehicle for remov-
ing the bubbles may be improved.

Furthermore, in the exemplary embodiment of the present
invention, since the bubbles in the coolant may be smoothly
removed, heat radiating efficiency of the fuel cell stack may
be increased, and a coolant flow noise due to the bubble in the
coolant may be improved. Since the ion filter assembly 70
may be a cartridge type, the ion filter assembly 70 may be
coupled to and separated from the reservoir 10, and the ion
filter assembly 70 may be replaced without using an addi-
tional tool. In addition, since the cap 43 that discharges air
may be installed at the coolant injection pipe 41, the coolant
may be prevented from leaking when the ion filter assembly
70 is replaced.

While this invention has been described in connection with
what is presently considered to be exemplary embodiments, it
is to be understood that the invention is not limited to the
disclosed embodiments, but, on the contrary, is intended to
cover various modifications and equivalent arrangements
included within the spirit and scope of the accompanying
claims.

DESCRIPTION OF SYMBOLS

10 Reservoir 11 First space

12 Second space 21 Partition wall member

23 Passageway 25 Differential pressure wall
31  Coolant injection port 33 Coolant discharge port
41  Coolant injection pipe 43 Cap

51  Level gauge 53 Drain plug

70  Ton filter assembly 71 Filter element

73 Coupling block 81 Coupling portion

83  Handle

What is claimed is:

1. A cooling apparatus for a fuel cell, comprising:

a reservoir configured to store a coolant; and

an ion filter assembly integrally installed at the reservoir
and configured to remove bubbles in the coolant,

wherein the reservoir includes a partition wall member by
which a first space in which the ion filter assembly is
installed and a second space connected to the first space
are partitioned,
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wherein the partition wall member, forms a passageway,
which is connected to the second space, between the
partition wall member and an inner wall surface of the
reservoir in the first space, and

wherein the partition wall member and the passageway

cause positive pressure in the first space and negative
pressure in the second space.

2. The cooling apparatus of claim 1, wherein the ion filter
assembly is installed to be attachable to and detachable from
the reservoir.

3. The cooling apparatus of claim 2, wherein the ion filter
assembly is installed to be coupled to and separated from the
reservoir as a cartridge type.

4. The cooling apparatus of claim 3, further comprising:

a handle disposed at an upper portion of the ion filter

assembly.

5. The cooling apparatus of claim 4, wherein the handle is
thread-coupled with the reservoir.
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6. The cooling apparatus of claim 1, wherein the partition
wall member is a differential pressure wall.

7. The cooling apparatus of claim 1, further comprising:

a coolant injection port connected to the first space and a
coolant discharge port connected to the second space
disposed at the reservoir.

8. The cooling apparatus of claim 1, further comprising:

a coolant injection pipe installed at the reservoir; and

a cap installed at the coolant injection pipe to discharge air.

9. The cooling apparatus of claim 1, further comprising:

alevel gauge thatindicates a level of the coolant is installed
at the reservoir.

10. The cooling apparatus of claim 1, further comprising:

a drain plug that drains the coolant is installed at the res-
ervoir.



